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A. Personal Statement 

 
I have a broad of range of experience in diverse experiments and expertise in large-scale data mining, 
which are essential skills to successfully achieve the goals of the proposed research project. As a 
participant of the Encyclopedia of DNA Elements (ENCODE) project, I have performed large-scale 
chromatin immunoprecipitations followed by sequencing (ChIP-seq) for multiple transcription factors (TFs) 
to identify their global binding sites. Using these invaluable data, I carried out computational analyses to 
decipher how the binding of those TFs influences the physiology of diverse cell types. In addition, I have 
recently performed small-scale shRNA-mediated knockdown experiments for actively expressed TFs in 
mouse ES cells, and revealed that Tgif1 plays distinctive roles in the maintenance as well as differentiation 
of embryonic stem (ES) cells. I am also actively involved in our new project focusing on understanding 
regulatory mechanisms of trophoblast stem (TS) cells, and have defined TS cell-specific enhancers and 
cluster of enhancers (or super-enhancers). With my past experience, specifically in the areas of global 
transcriptional gene regulations, I am confident I will be able to successfully complete the proposed 
research. The findings we will make will be an invaluable basis for the understanding of trophoblast lineage 
development and pregnancy-related diseases in the future. 
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2000 – 2002         Researcher, Research Institute for Clean Technology, Yongin, Korea 
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C. Contribution to Science 
 

1. Transcriptional gene regulation is one of the key regulatory mechanisms implicated in developmental 
processes, cell homeostasis, and diseases including various cancers. My early works are focused on 
genome-scale identification of TF binding sites and how malfunctions of a transcription factor lead to 
enormous effects on the physiology of cells. As a part of ENCODE project, I have identified 
genome-wide binding sites of various TFs (E2F4, CTCF, Myc and Pol2) in diverse cell lines, revealing 
individual-specific and cell-type-specific functions of these TFs. In this project, I performed most of 
ChIP-seq experiments and downstream data mining. These published genome-wide occupancy data 
are widely used to analyze and compare their combinatorial usage among other plethora of global 
target sites of TFs.  
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2. Additionally, I also contributed to investigating global allele-specific CTCF binding through which two 
copies of a gene can be differentially regulated by one nucleotide (allele) sequence that influences 
CTCF binding. This work, for the first time, unveiled a widespread usage of allele-specific as well as 
individual-specific TF binding events. In this study, I performed all ChIP-seq experiments of CTCF and 
partially contributed to identifying allele-specific sites. More recently, this work was expanded into the 
identification of quantitative trait loci (QTLs) that influence the binding of CTCF in cells from more than 
50 individuals, revealing genotype differences are associated with differential CTCF occupancy. This 
study further emphasized the different modes of CTCF association with x-chromosome. 
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3. ES cells are a powerful model system to study genes implicated in early embryogenesis. More 
importantly, they hold a great promise for future regenerative medicines due to its differentiation 
potential (pluripotency) which allow ES cells to be differentiated into all three germ layers of cell types. 
Using the small-scale shRNA-mediated knockdown screening of transcription factors, I revealed a novel 
function of Tgif1. Unlike well-known pluripotency factors, Tgif1 counterbalances the expression of 
pluripotency factors interweaved in the pluripotency network. This work provides strong evidence for the 
concept that the pluripotency network is balanced by an orchestration of activators and repressors. In 
addition, I was involved in large-scale data mining regarding the binding sites of pluripotency TFs. In this 
research, our group revealed CpG Island-mediated differential gene regulatory mechanisms by which 
CpG-depleted genes are more dramatically influenced by the enhancer binding of pluripotency TFs. All 
these studies advance our understanding how TFs regulate their target genes with a collaboration of 
cis- as well as trans-regulatory elements.   
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